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SOME O X  HARACTERI S T I  CS 
OF CARBON-GRAPHITE MATERIALS 

G. M. Volkov, V i n  and 1 .  A. Fayzullin 

ABSTRACT. T h e  fea tures  of t h e  in te rac t ion  of s y n t h e t i c s  
graphi tes  w i t h  oxidizing agents a re  examined and a method fo r  
i so la t ing  t h e  e f f e c t  of t h e  physical and chemical f ac to r s  is 
proposed. Experimental da ta  on t h e  d i f f e ren t i a t ed  determ na- 
t ion  of t h e  loss r a t e  of a graphi te  mass during oxidation by 
atmospheric oxygen a re  given. 

1 
Synthe t ic  graphi tes  are widely used i n  indus t ry ,  although i n s u f f i c i e n t  

r e s i s t ance  t o  oxidat ion l i m i t s  t h e i r  range of appl ica t ion .  The increas ing  i m -  
portance of syn the t i c  graphi tes  i n  new areas of  technology has r e su l t ed  i n  the  
appearance of many works on the  subje  
oxidizing agents [l, 21. Unfortunate s tud ie s  on t h e  k ine t i c s  and 
mechanism of  oxidat ion react ions completely ignore t h e  s t r u c t u r a l  fea tures  of 
Synthet ic  graphi tes  which are predetermined by t h e  technology of t h e i r  produc- 
t i o n ,  even though the  effect  of t h e  micro- and macrostructure of  graphi te  on 
i t s  in t e rac t ion  with oxidizing agents is  indisputable  [3]. 
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i n t e r a c t i o n  of graphi te  with 

Synthet ic  graphi tes  are produced by bonding a coke f i l l e r  with coks-formed 
during the  carbonization of coal p i t c h ,  which is  used as the  binder ,  with the  
subsequent graphi t iza t ion  of  the  intermediate  product [4], i n  such a way t h a t  
t h e  coke residue of  t he  binder  i s  not d i s t r i b u t e d  uniformly around the  p a r t i -  
cles of the  f i l l e r ,  but  forms br idge bonds between them [ S I .  The i n t e r a c t i o n  
of syn the t i c  graphi tes  with oxidizing agents occurs pr imari ly  by way of t h e  
oxidation of  t h e  binding bridges [6], which r e s u l t s  i n  t h e  d i s in t e rg ra t ion  of 
t h e  unoxidized p a r t i c l e s  of t he  f i l l e r  and an increase  i n  t h e  ac tua l  reac t ion  
surface.  

In  our work we have attempted t o  make a separa te  determination of the 
e f f e c q o f  physical  and chemical f ac to r s  on the  mass lo s s  rate of  syn the t i c  
graphi tes  during t h e i r  i n t e r a c t i o n  with oxid izers .  

. 

The schematic diagram of the  experimental apparatus i s  shown i n  Figure 1. 
The t e s t  sample 11, having t h e  form of a hollow cyl inder  with the  dimensions 
(20 x 16) x 110 millimeters, i s  placed i n  hea te r  8 of s i l i c o n e  graphi te .  The 
sample i s  heated and cooled i n  vacuum chamber 4 under vacuum crea ted  by a VN - 
1 mg vacuum pump. 
OPPIR-017 o p t i c a l  pyrometer through viewing window 9. 
admitted i n t o  the  reac t ion  chamber through rotameter 2. 
control led by manovacuometer 7,  is  es tab l i shed  i n  the  vacuum chamber by t h r o t t l e  
valve 6. 

The temperature is measured by thermocouple 13 o r  by an 
The oxidizing agent is 

The des i red  pressure,  

The power source of the  ap us cons is t s  of  an OSU-40 power 

Numbers i n  t h e  margin ind ica t e  paginat ion i n  the  foreign test .  
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transformer and two ROT-25/05 
autotransformers.  This apparatus 
makes it poss ib l e  t o  car ry  out  
tests t o  an accuracy o f  5 10% 
through a wide pressure  range ( 5  atmospheric pressure)  and in, 1439 

a temperature range of  600-2000°C. 
We oxidized t h e  graphi te  during 
our  inves t iga t ion  a t  atmospheric 
pressure  i n  an airstream with a 
ve loc i ty  o f  about 0.02 m/sec. 

For our inves t iga t ion  we 
s e l e c t e d  th ree  types of  s y n t h e t i c  
graphi te ,  d i f f e r i n g  i n  t h e  granu- 
1ometr;c composition of t he  f i l l e r  
and i n  densi ty .  

h r i n g  oxidat ion o f  t he  
mechanically processed sur face ,  
which i s  an e s s e n t i a l  condi t ion 
f o r  t he  present  
termining t h e  r a t e  of oxidat ion 
of syn the t i c  graphi te ,  W reaches 

method of de- 

.- a constant  value a f t e r  a given Figure 1 .  Schematic Diagram,of Experimew 
t a l  Apparatus: 1,6- Valve; 2- Rotameter; 
3- Tray; 4- Vacuum Chamber; 5- Current 
S u p p l y ;  7- Manovacuo&ter; 8- Heater;  
9- V i e w i n g  W i n d o w ;  10- Pro tec t ive  I n s e r t ;  
1 1 -  Sample; 12- Packing; 13- Thermocouple. 

time i n t e r v a l  (Figure 2) .  The 
test  graphi tes  were oxidized a t  

. t h e  temperature a t  which oxidat ion 
t r a n s i t i o n s  from the  
t i c  t o  t h e  ,extradiffusion zone. 
Under t h e  condi t ions of our  ex- 

I 

periment t h i s  temperature w a s  
about 900OC. The prepara t ion  of 
t he  sur face  of  the  sample by 

oxidat ion a t  low temperatures is  not  des i r ab le ,  s ince  t h e  d u r a b i l i t y  of t h e  
graphi te  i s  s u b s t a n t i a l l y  reduced [ 7 ]  as a r e s u l t  of t he  oxidat ion of  the  bind- 
ing  br idges between t h e  p a r t i c l e s  of the  f i l l e r  during intraporous reac t ion .  
Figure 2 shows t h a t  the  time requi red  f o r  reaching the  s t a t iona ry  condi t ion of  
oxidat ion is  d i r e c t l y  propor t iona l  t o  the  dens i ty  of t he  graphi te  and t h e  
coarseness o f  i t s  f i l l e r ,  while t h e  value W = constant  is  inverse ly  propor t iona l  
t o  the  same parameters. I t  should be noted t h a t  t h e  fo rce  e f f e c t  of t h e  oxidiz-  
ing  agent on the  r eac t ion  sur face  i s  i n s i g n i f i c a n t  i n  the  given case. 
t h e  i n t e r a c t i o n  of s y n t h e t i c  graphi tes  wi th  a gas stream flowing at a r ap id  

o the  protruding gra ins  of t h e  f i l l e r ,  aerodynamic forces  occur [8] 
n change t h e  na ture  of t he  dependence of W on the  s t r u c t u r a l  character-  

During 

i s t i c s  o f  t he  graphi te .  

We s e e  i n  Figure 3 t h a t  t he  func 
system has a r e c t i l i n e a r  na ture  i n  t h  akinat i<c I zone. This funct ion is  /440 
of ten  used f o r  determinging the  k i n e t  
with oxidizing agents [l, 21. A t  t he  

= f ( T )  i n  the  Arrhenius coordinate 
- 

oper t i e s  of  t he  r eac t ion  of graphi te  
time, t h e  t o t a l  mass los s  ra te  o f  

2 



graphi te  during oxid can be 
represented by t h e  expression 

where W 2  is  determined by t h e  

total  sur face  o f  t h e  pores acces- 
s i b l e  t o  t h e  oxidizing agent ana 

on the  granulometric composition 
of t he  f i l l e r  and the  densi ty  of 
the  graphi te ,  i . e .  these two com- 
ponents of W charac te r ize  t h e  
s t r u c t u r e  of syn the t i c  graphi tes ,  
bu t  not  t he  chemical proper t ies  

i s  apparently the  main cause of  
t h e  extremely contradictory re -  

h W depends, as shown i n  Figure 2 3 

Figure 2 .  
Atmospheric Oxygen on t h e  Mass Loss R of the  graphi te .  This condition 
o f  Graphite ( T ,  sec, W 
1 )  coarseness of f i l l e r  -0.15 + 0 m i l l i -  

Effect  of Oxidation T i m e  By 

l o 3 ,  kg/m2 * 

s u l t s  of  k i n e t i c  inves t iga t ions  
of  t h e  react ions of  graphi te  w i t h  
oxidizing agents which have been 
been conducted on samples of  

meter, d e n s i t y  - 1.65 ' l o 3  kg/m3; 2 )  
-1.2 + 0 and - 1.65 l o 3 ;  3 )  -1 .2  + 0 
and 1.85 - lo3 .  

various brands of syn the t i c  
graphi te .  

The determination of the  k i n e t i c  c h a r a c t e r i s t i c s  of  t h e  chemical r eac t ion  
of  graphi te  with oxidizing agents on t h e  bas i s  of  t he  mass lo s s  r a t e  of carbon- 
graphi te  material during oxidat ion should obviously be recognized as unfounded 
on the  b a s i s  of  t he  above statements.  The determination of t h e  ac tua l  apparent 
ac t iva t ion  energy of  t he  chemical reac t ion  of carbon and graphi te  with oxidizing 
agents i s  of grea t  s c i e n t i f i c  and p r a c t i c a l  i n t e r e s t .  

w1 - I t  follows from expression (1) t h a t  if W 2  = 0 and W3 = 0 ,  then W = 

This condition i s  s a t i s f i e d  by the  oxidat ion o f  graphi te  not  containing a 
f i l l e r  whose grains  are bridge-bonded, except f o r  i n  the  i n t r a k i n e t i c  mode o f  
oxidat ion.  The la t te r  i s  poss ib le  when the  graphi te  does not have open poros i ty .  - /441 
Pyrographite [SI satisfies these  p re requ i s i t e s .  I t  i s  p r a c t i c a l l y  impermeable 
t o  gas [ lo ]  and i s  monolithic,  having a densi ty  which c lose ly  approximates the  
theo re t i ca l  densi ty .  

The chemical r eac t ion  ra te  of graphi te  having c r y s t a l s  of randum or ien ta-  
t i o n ,  which i s  c h a r a c t e r i s t i c  of syn the t i c  graphi tes  produced by t h e  methods 
o f  e lec t rode  technology, is defined as t h e  a r i thmet ic  mean of t he  chemical 
reac t ion  rates of  graphi te  i n  the  var ious crystalographic  d i r ec t ions  and can 

, be represented as 
W ,  = 1,s. 102 exp (- 2yio . 
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The number of micropores 
whose sur face ,  according t o  [ll] , 
is  inaccess ib le  t o  t h e  oxidizing 
agent,  is  very d i f f i c u l t  t o  es- 
t a b l i s h  t o  t h e  required accuracy 
during t h e  experimental determina- 
t i o n  of W2. 

mental determination of W i s  

a l s o  very d i f f i c u l t .  

b l e  t o  determine W2 and W 

t i c a l l y  on the  bas i s  of t h e  ex- 
perimental  da t a  of W and W1. 

W is  l imi ted  by t h e f e e d  r a t e  of 
t h e  oxidizing agent.  Conse- 
quently the  reagent begins t o  
i n t e r a c t  with graphi te  only on 
the  outer  sur face  and does not 

The d i r e c t  experi-  

3 

We w i l l  show how it is poss 
analy 3 

Above a given temperature 

Figure 3. Effect of Temperature on t h e  d i f fuse  i n t o  t h e  pores .  I t  
Mass Loss Rate of Graphite During Oxida- follows from expression (1) t h a t  

1 when W 2  = 0,  by Atmospheric Oxygen (,. * l o 3 ,  w3 = w- W ] .  
2 

(3) 
W ,  kg/m . sec) : 1 ,  2 ,  3) t o t a l  mass 

e .  (coarseness of loss  r a t e  of graphi 
f i l l e r  -0.15 + 0 mm 

10 kg/m3; -1.2 + 0 

-1.2 + 0 and - 1.85 
4) r a t e  of chemical 
I - r a t e  of chemica 
or iented graphi te  a 

3 
d e n s i t y  - 1.65 

and -1.65 - l o 3 ;  The value of  W3 depends on the  

exposure r a t e  of the f i l l e r  par-  
t i c l e s ,  determined by W1, granu- * 103, respect ively)  ; 

reaction o f  qraph i te ; - .  
react  ion of c rys ta l  - lometr ic  composition of t he  

ong ax is  a ;  I I  - f i l l e r ,  and dens i ty ,  which a r e  
l i k e w i s e  along axis  e;  I l l  - mass loss  constant  f o r  a given brand of 
r a t e  d u e  t o  intraporous reac t ion ;  I V  - graphi te .  Therefore,  the func- 
increase i n  mass loss r a t e  d u e  t o  d i s -  t i o n  In W, = f ( l / T j '  can be 

3 in tegra t ion  of unoxidized f i  1 l e r  p a r t i -  
cles and increase i n  actual  react ion 
sur face  . 

represented as a s t r a i g h t  l i n e  
drawn from the  poin t  of t r a n s i -  
t i o n  o f  oxidat ion from the  ex t r a -  
k i n e t i c  t o  t h e  ex t rad i f fus ion  

zone p a r a l l e l  t o  the  s t r a i g h t  l i n e  of t h e  funct ion In W1 = f (11~). 

I n  t h e  ex t r ak ine t i c  r eac t ion  zone the  amount of oxidizing agent is  g rea t e r  
than the  s to ich iometr ic  value.  Conse e n t l y  t h e  surplus  oxidizing agent 
d i f fuses  i n t o  t h e  pores of t he  graphi . In  accordance with expression (11, 

' Wz=W-((w/I$ W,). (4) 
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We see from Figure 3 t h a t  a t  low temperatures t h e  main component of  t h e  
mass loss  rate of syn the t i c  grap 
t u r e  increases ,  m a s s  l o s s  occurs way of  t he  d i s i n t e g r a t i  
unoxidized f i l l e r  p a r t i c l e s .  The anulometric composition of the  f i  
t h e  densi ty  of  t he  graphi te  have o 
mass l o s s  due t o  t h e  d i s i n t e g r a t i o  r t icles (Figure 2) i n  comparison 
with t h e i r  effect on t h e  m a s s  loss of  graphi te  due t o  intraporous reac t ion .  
For a given granulometric composition of t he  f i l l e r ,  the  proport ion of  i n t r a -  
porous r eac t ion  t o  t h e  t o t a l  m a s s  loss  of  graphi te  i s  g rea t e r  when t h e  graphi te  
is  less dense, but  f o r  a given dens i ty ,  it is g rea t e r  f o r  graphi te  having a 
f ine-  gra in  f i 11 er  . 
Symbo 1 s . 

aporous reac t ion .  As t h e  tempera- 

gn i f icant  effect on the amount of 

Q 

2 2 * 

2 * 

W ,  t o t a l  mass lo s s  ra te ,  kg/m sec; W1, chemical reac t ion  ra te ,  kg/m 

sec; W 2 ,  intraporous r eac t ion  rate, r e l a t i v e  t o  u n i t  external sur face ,  kg/m 

sec; W3, increase  i n  t h e  mass loss  ra t h e  d i s in t eg ra t ion  of unoxidized 

f i l l e r  p a r t i c l e s  and an increase i n  t r eac t ion  surface, kg/m - sec; 
T - oxidat ion t i m e ,  sec; T, temperature, O K ;  R, universa l  gas constant ,  cal/deg 
* mol. 
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